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SYMBOLS AND UNITS
Symbol
Purpose and Scope
Central to the efficient operation of the navigation system is the availability of reliable discharge ratings for the flow-control structures. figure 1 .
FLOW-CONTROL STRUCTURES
Three types of flow-control structures are present at Lock and Dam 20.
These are tainter gates, roller gates and the navigation lock. Detailed theoretical as well as physical descriptions of these flow-control structures are beyond the scope of this report, and, therefore, are not included. Readers interested in this subject are referred to Davis and Sorensen (1952), Rouse (1949) , Creager and Justin (1950) and King and Brater (1954) . The hydraulic conditions that define each flow regime and the corresponding generalized steady-state discharge equations for the flow-control structures are summarized in table 1. An important parameter common to all types of flowcontrol structures is the discharge coefficient.
The discharge coefficients are functions of various independent hydrauliccontrol variables, of which the most significant are: the static-headwater head (h.), the static-tailwater head (h.), and the gate opening (h ). A discharge coefficient is defined as the ratio of measured discharge to theoretical discharge (ASCE, 1962 
DISCHARGE AND STAGE MEASUREMENTS
The tainter and roller gates are built with a roadway over the structures giving access to the forebays with standard current-meter measuring equipment.
Discharge measurements were made from the upstream edge of the roadway which is about 22 feet upstream from the downstream edge of the tainter-gate sills and about 27 feet upstream from the roller gates. The distance of the measuring equipment from the orifice and control structure appeared to be adequate to allow accurate measurements to be made. Some velocity measurements were made to define vertical velocity curves and to verify the standard 0.2 and 0.8 method of velocity observation. The measurements were made with equipment normally used for measuring large streams. Velocity was measured using a type AA current meter suspended with Columbus-type sounding weights (50-150 pounds) from a collapsible crane (Rantz and others, 1982) . A cable stay was used on top of the upstream piers to prevent the meter from running downstream into the gate orifice when the gates were opened 5 feet or more.
A total of 53 measurements of discharge ranging from 616 to 9,910 cubic feet per second in a gate were made in the forebays of the tainter and roller gate structures of Lock and Dam 20. Discharge coefficients for all the gates of the same design could be developed from measurements on a single gate.
However, to insure greater accuracy because of the fluctuations of the pool and tailwater during the measurements and to account for variations in entrance and exit conditions, several gates were selected for calibration.
Discharge measurements were made in 21 of the tainter gate bays and all 3 of the roller gate bays. The results of these measurements are listed in so so so so so so so so so so so so so so so so so so so so so so so so so so so so so so so so so so so so so so so so so 50 feet, stage + 8.50 feet, ged-orifice flow.
Leakage, which is common to submergible gates because of the clearance provided between the gate and sill for lowering the gates, was not separately determined. The flow attributable to leakage is included in the discharge measurements and the discharge equations.
The concurrent pool and tailwater stages for the measurements were obtained from the gages in the operations control building. The staticheadwater head (h.) and static-tailwater head (h«) referenced to the gate sill are obtained by adding 8.50 feet to the stages. The stages can be referenced to sea level by adding the zero gage datum, 468.50 feet (1912 adjustment), to the stages.
The gate-opening settings for the tainter gates were read from the gateposition indicator gages on the tainter gates and those for the roller gates were read from the gate-position indicator marks on the operating machinery.
For submerged orifice flow, the gate-position gages indicate the gate opening between the gate sill and the bottom of the gate. For free-weir flow, the gate-position gages indicate the static-headwater head over the crest of the gate at the normal operating pool stage of 11.50 feet. Subsequently, the gate-position indicator gage readings will be referred to as "gage readings" and the pool and tailwater gage readings will be referred to as "stages".
TAINTER GATE FLOW
Computation of Gate Opening
The gate opening, h , is the most important variable in calibrating the O flow through tainter gates. In most cases the gate opening cannot be measured directly in the field during operation of the structure. Therefore, the gate opening is computed indirectly using pertinent geometric properties of the gates and direct measurements of the elevation of a selected reference point on each gate. Dimensions of gate structure members that cannot be measured on the gate are obtained from the construction plans. These include the gate radius, R, and the included angle, 8, of the gate structure ( fig. 4) . •~v. v. v,^r "" 
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Submerged-Orifice Discharge Equations
Equations for computing discharge for submerged-orifice flow in the tainter-gate bays were developed using the submerged-orifice equation (2) 
ROLLER-GATE FLOW
Gate Opening
The gate-opening indicator marks for the roller gates (numbers 13-15) are an integral part of the operating machinery of the gate. These indicators presumably give a fairly accurate reading of the gate opening. A method for measuring the actual gate openings was not developed.
Submerged-Orifice Flow Coefficients
Discharge coefficients for submerged-orifice flow for Dam 20 were used to define the relation with the orifice-submergence ratio, lu/h . The coefficients were computed by solving equation 2 in table 1 for C using the 8s results of the discharge measurements (table 2) As noted by Collins (1977) and described by King and Brater (1954) , many structures calibrated by the procedures outlined above are found to be independent or nearly independent of submergence. If the coefficient is independent of the submergence, the slope of the straight line relation will be -1.00 as in equation 13. When substituted for the coefficient in the submerged orifice flow equation (2) 
Submerged-Orifice Discharge Equations
An equation for computing discharge for submerged-orifice flow when the roller gates are open 9 feet or less was developed using the submerged-orifice flow equation (2) h for roller gates = gage reading 2/ The approach velocity head is included in (h, -h3 ) 
. 
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